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AHHES E M DD R0
WELDING PROCEDURE SPECIFICATION [WPE] Yoa O
PREGUALIFIED QUALIFIED BY TESTING
of FROCEDURE QUALIFICATION RECORDS (PGR) Yea[J
dentflication &
s Do By
Company Ham= Marioriesd by Dai=
wisding Processiss) Tepe—Marzal [] Sem-summate (]
Supporting PEA Mo.{s) rtacnine [] Mtomanc []
JCINT DESIEN USED FOEITION
Type: PosHon of Grmooee: Fllet:
Singie [ Dionsble Wied [ ‘ertical Progressior: Up[] Down
Bacong: e[ ol
Eacking Mat=riak ELECTRICAL CHARACTERISTICE
Sk Dpening Root Facs Dimersion
Sroove Angle: Radius U} Transher Modes (GRS Ehor-Crcuking [
Back Gougng: Yes[] Mo[] b=t Globular ] Spray[]
curert AC[] DcEP[] DCEM[] Futsed[]
BASE METALS e
Material Soec. Tungsi=n Elecirode (ETAW]
Type ar Grade Shm:
Thickn=ss: Srooee Flet Tipe:
Diamster {Fipe}
TECHRIZLUE
FILLER METALS Siringer or Wiense Bead:
MEVE Epecilcation Muli-pass or Single Fass jper slde]
ANE Classiicadon Kember of Elecirodes
Slectods Spacing LongRudinal
Lat=ral
EHIELDMNG Angle
Flux L=t
Compaoskiion Contack Tube o Work Dislance
Eler Flux (Ciass) Flow Rai= Peening
5 Cup Slze nEpass Cl=ning
FREHEAT FCETWELD HEAT TREATMENT
Freheat Temz, Min T,
niemass Tamp., Mn Fax, Time
'WELLING PROCEDURE
[ —— Filler Meials Cum=nt
Wedd Tip= & Amizes ar Wine Tharesd
Layer(s) | Prooess Clhass Clami Folarty Feed Soeed Vols Sipeiad Joint Detalks
Fors E-1 [Frant

188 ool il g (5590 5
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e

Rafargncs: AP Smnaand 1908, 5.2

Cramater and wall thiciness
Join Desan
Filier metsl and no.al bends

Ekcincal of lams craramsnigics
Moabon

PROCEDURE SPECIFICATION NO.

‘Wiekting ol Pipa and iitings

Dimaetion ol wedding __

M. of wed dors
Tung aida balwean DEstss
Type and ramosa’ of Eneup damg
Cleareng andiaor gnndineg
Prahpatsiese miol
Shizicing ges ard 1ow rale
Smsiangiux

S el weeol

Plasma pas compomibion
Plasms gae onficn sin .
Skatches ard labilabons ahached

Taswd

Wakier -

Walding suDGrvisor

f.npru.id

Chiel pngineer __

- The® (1.5 mm)
+— it = Uig® (A= 16 mm} |

Mode: Dimermaicns ane for example anly.

ELECTAQDE SIZE AND NUMBER OF BEADS

Hnasd Frsaar

[
Sixe and
Tyma

and

Worlago Fdiriy Gipoed

API 1104 55t WPS 5,5 -2 IS5
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Manutacturer's welding procedurs specification [WPS)

Location: Examinar or examining body:
Manutactursr's Walding Procedurs:

R=ferance no: Method of preparation and cleaning:
WEAR Mo: Parent material specification;

CIEITLETH T T IlELErlE] (ke ()
Welding process: Outside dRarmeater [Fm):
oint type: Walding pasition:
Wald preparaticn detalls (sketchl™):
Jnirt design Walding sequanca
Welding details
Type of Run-out
g ! fead Hear
Run | B Size of filler | Sumrent | Weltage | g (Wire lengthTravel |
hzle:_ ] mntal A ! W Pelarity apesd apead™y | input®)
I - 1l
I ] — _

Dagigration of welding congumableg
and irade name:
Arry spacial baking or drying:
Gaaifho; Ghisiding;

Other infommation™], .q.:
Wisaving imaximum widih el runj:
Cseillation; amplitude, frequency, dwell trme;

Backing: Puilse walding detalis:
Glas Now rale.  Slnisbdog Contact lube=-lo=morkpiece dislance
Backing: Plasrma welding details:

Tunpsten &lectrode tvpadsina: Torch anple:
Datails of back gougingMecking: -
Prehest termnperaturs:

Intarpass temperature:

Fost-weld heat treatment and/or ageing:
Time, temperyture, methad:
Haating and cocling retes*):

Manufacturer Examiner or examining body

(narne, date and signature) [narme, date and signature)

EN 288-2 5 st WPS 5 5 -3 IS5
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las ub@lsw..]a.ﬁ 9 d)sih;

QWasz BUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATIONS (WFS)
1Ses QW-200.1, Section I, ASME Boiler and Pressure Vessal Coda)

QW-482 Bk

WPS No. _

B i Iy PDPS:?I_CNS(QEVGFJOS_\ POSTWELD HEAT TREATMENT (QW-407)
Walding Prossdurs Spacifimtion No. Dats. FQR Na.a) ‘_““.““‘-’“‘ e & T el
Bavinizn e, Data Pusitionss) of Fillet

Walding Processias), wis)

oD e ———— [FREHEAT (405! GAS (GW-208)

. [Prabant Temp. Min. Parcant Campasiticn

J'DI:N_TS lqv_nm Datails Intarpass Tamp. Meax. Gasiax) Mixtura ) Flew Rate
Jaint Diasigm [Prabant Ma Shialding
Eacking (Yosi Nal S P —— Trailing
Tincking Material (Typa) Backing

Rt o b g a1

o Matal O Nondusing Metal
O Nenmatallic O Cther

Skatchas, Production Drawings, Weld Symbals ar Writtan
ipti baw th 1 the

sl i arts
to e walded. Whars applicable, tha rot spacing and the datails
af wald groora may be speciied.

44k the cptian of tha M., sketches may be atinched o illustrate
Fint design, waH Iayers and bond soquanca, e.g., for notch.
“‘tougkmea pracaduras, for multiple prossss procoduras, ate.)

“BASE METALS (W -40a)
PNa Grap Na. 1o P-Ne.

TS

[ELECTRICAL CHARACTERISTICS (QW.-408)
Pal

Amps (Range)

Currant AC or DC 3
Valts (Rangs)
Acape 10 wikn e o e e o anch ke

e pmiticn, sod dikkane, sz Thin iifirmatias aay be

[ (P ——

Tungsten Elactrods Sizs and Typa
{Purs Tungetan, 2% Thoriated, ate |
Mode of Matal Transfer for GMAW
{Spray are, short dreuiting are, ete.)
Eloctroda Wira Foed Spead Rarga
T (QW-410)
String ar Wamve Bead

Orifica or Gas Cup Siza

TInitial and Intsrpass Claaning (Brushing, Grinding, ete.)

type and grad
tn Sparification type and grada
O

Mathod of Back Gruging
Dgeillakian.
Chem. Analysis and Mech. Prop. Cootart Tika to work Distanes
10 Chem. Analysis and Mech. Frop. Multipla or Singlo Pass (par £idz)
Thicknes: Multipla or single Electrodas
Baso Matal:  Groova Fillet Traval spsad (Rangs)
Othar Pacning
Othar
“FILLER METALS (QW-404)
Spaz. No. (SFA)
AWE Mo, (Class)
FNe Fillor Matal Currant Traval Cithar
ANo. Wald Typs | Amp. | Vit | Sped (6.9, Pemarks, Commnts, Hot Wire
Size of Fillor Matals Lagenis) Procoss | Clmss | Din | Polar. | Rangs | Ramgo | Rango | Addition, Tachnigus, Torch Anglo, Ete.)
Wald Matal
Thicknees Razgs:
Groova
Fillet
‘Electroda.Flux (Class)
Fhux Trads Nams
[+ Insart
Othar

L ey repr—p———

ASME Sec.IX skl WPS 5 5 -4 IS5
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ASME SecI X _wlwl  WPS olis  Sigie
Comar pyd eV )3 sy WPS (3,8 oSS 0956 a0 0ldia 1S b sl flod jl audled o diten |y canl onal 4 S5 3 &S WPS
QW sy 45 33,5 Lo ot QB 5 QW Lol ik 93 4 ASME SECHioN 1X & i wyly gradsi 3 .0y55 (oo ol 4 QW-482
a5 ke oS (ol oni 48,5 Qualification ojly (sl 51 Q)oed o wumds ATtICIE gy 4 395 5 sl (6, Kb Slolill 4 by po
QW-100 General introduction to testing requirements etc.
QW-200 Procedure qualification details.
QW-300 Performance qualifications (welder approvals) details.
QW-400 Welding data .This is the biggest section of the code and covers data for both procedure and
performance qualification.It includes:
-Material and consumable data
-Approval range for thickness, diameter, joint
-Configuration and welding positions.
-Definitions used in code.
QW-500 Standard Weding Procedure Specifications (SWPSs)
pyd ol (cowl (ol3l e i cowl NONmandatory Appendix B )] :lsie a5 15 walgs 1S dslyo dovods cpl 4 )5) 29, o0 5 &
z» Oi » L;)K_.f:? dLQ»SQ) )ﬂL.: L;\)_g H’Y SleMb| flo: 9 cwl GTAW 5 SMAW, SAW, GMAW L;‘.m.\;ﬁj)é L;\)_g H’Y SleMb| Jnl.w
g &) by g sl GTAW Sis)aslaie (slaanl b o Sl 4 gl oo £33 cnl 51 o )3 (3,15 399 £33 )3 Lol 305 (90,8
Bl (B Sy & 5l 52,8 ookl (lgewly 48 (5,592 (sly SMAW
(Company Name) < yui oU
248 B eSS 35 65500 b5 Sylae Wb WPS L5 1 09Me (ixtio 055 S )0 (152 93,5 (o0 53 ggwie 8 5 ol b il Ceannd (] o
g5 o3liul pb oas oligS b caisto 5135,5 oo dlecuing by <8y oL b Ll ples
(By) 8uis' (2195 g 0408 pudidd
Conl s a0 Lol ol sz S5 WPS S,u. (authorization or certification) :see 2165 ¢ly 39, ASME Section IX s 4 31
a5 pb BY g9y o5 ol oyl cnl ol asul yols b 53.05,5 Wb 5 (b guudats 5| o Syt ol B 59 3551 a5 5 el g Spte oyl
oaiiS w5l (Prepared by)sas ans ol ol ol dis )3 48 395 0 03> S pio S B 13 WPS Yoo g 05 S5 S o oS
23,5 oz (Approved by) oaus wsb 4 (Checked by)
(WPS No.) WPS o lois
oyl S ghyls 93 ym aS wiib 4Bl g3 g WPS 93 55 0595 o )3 &8 e ol 4 b olass] 1L (UNIQUE) LSS o)l o WPS
e b ay |y GleMbl cpl wlgs o 134 ojles o olgims .3y9] Camws
1 =ASME P-No. 1 (Carbon Steel Base Metals)

3 =F-No. 3 (E6010) SMAW
4 =F-No. 4 (E7018) SMAW

pL 5 0l (o cdigd (o0 plril sl s yobo 4y 03 a2 ST PIDING () lSbs> & bgpypo P-11 g (e ()1Ssn & bgypo T-2 Mao b

el ) dils LS
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(Date) paksss ge,

23,5 o SIWPS Wb b walals 70,6 s ol

(Revision) g ;b o,lews

b aog by & cul (Sen WPS s 5l g 295 (00 253 0 0)led cond ol 13335 (00 walaid )l (e (51 WPS S (85 Vg
T Sio 503,835 35 il o3l p3Y Slyes Jlosl Sl g 2335 305 )l WPS I loedne b il p5Y ol [y Sl b o392 5o
A |y, QW-200.1(C) silys ooy oMbl gl 35 (o s

(Revision Date) _ow ;3L g ,U

S B S WPS Ygone s 555 () | Sy 5 jshailos 3,5 SSWPS (il )b b pise ol 3 ol aeiie glgis 1 &S pshailon
D9 (BleS g 008 )55 dbogiye (5 53 (b Gyl g osled Bl &S 395 (o 03> Sy

(Supporting PQR No.(s)) PQR s 5,low b 5,lewd

ol s sl alS 4 cul p3Y &S5 ol (6ol 29 )0 WPS (ol 0aiiS sl PQR o)l b Coond o) > QW-200.1(b) 3ilae
Anlgs 203 0ylecd SO 5l i piS opl > b ol )3 g 39 dalgs 5L POR & 1 i o (essential variable) pwlw! gla e atels oles
VA Y

(Welding Process(es)) (5,5wiga gy o3lins! 3,90 sl ,d b iyl ,8

o SO lgie 4 o] 5 QW-401 )5 Lol sl ssis 03,0 o (ESSENtial variable) wlul pase < lgis 4 () Ksgs 101,35 5l QW-253
o]y col i oolatl @ysS J s an 09 5D (6 8 ign a0T)8 £6 WL WPS 5 5l (isw ol )3 Sjg yo ) .l s b (ol
r el lulams o olii ) ol 4 sl slodg) sl 5 6 Kdsx sadnl B elgl 5SS 5d 03l (i g )lazsl pb L () S
sl sl Lojlods Joaz 355,86 )Ksn (slasnl @

(gm0 1) 1) 4o oyt & ol S0l 5 S5 0 o Lol 3905 3wl ciliio (6K 41,5 sz L ol (oo 1) 0 (b JLasil 5)lge (65lam
L Lo Loyl 5o aled (s 15390 Jlaail (el |y (5o sloata])d 51 (S0 Jgsie () b Wls il G pmasiie S5 iy 45 (o0 3bog)
25 ool po 4 ol Jlgy ol g (oo Ll anlio ()8 ] sl Jlg,

Jail jl 390 slaSieg (ows ' ol 4o po

Jlas! o Slogile «(6) gz 53235 (o) Wb b I Culbed 5 (6 ) Ca 5 Cumdge (g JLadl (39 So 5L Sy b dloye ol
e y) 35 (6 bar o ()05 150 (ladembge 1) gy dlazsl (YU gy Sinl) s (S8 108 M (53 o ol e )
(ol 518 5 g 3985 (30s) 3985 5 (S8 Jlom o s 5345 0B <8 >

) Sl Ly g o0 1 1) S5 slodbgr a3k sl JLasl 50,8 53 (sl o 18 (35 o & o ol 55 (ol g (SIS
A8l (o0 (258 yiahl S @y (S (S g5 loedar Juw 13.0)5 Sml o5 lej 2 VL

235 Jaztio o i by Gl i sl L o8 5,8 o 18 i se (3905 5 (60 YU) s> (slodiaBge 5)Sr 1 p Sla
Coogas opl 2l (oo (S p g glail (gh cuslio g dhwgy (e ylw S 3bul g Olhe 5 g (Wb @ Sord (ne 4 VL 5 KS e Casp
el o de lodyg (5) g diile So 8 awl ST (slodgx

3985 Al 1S3 (B 2 9250 S g B L Ak 518 51 I lade 4 b il Bres il 398 VLAl dm 3l (o et il g5 L Do
D)5 S pSole S g (KB I U 29 290500

28 (ks wtd yS o el 4 el g o |y (b Jlail o

)b sloails b il b 3,90 (slesSThog ualai ipgd dl yo

33 3903 03l ST 51 )5 oo a5 dimd o 8] 395 (ol ol Ul g leeShg b bli)) o 1) Lalisee SleMbl g (slo olfws Bl el
Sl 00d (s laoguad &8 5,8 sl gl 65 4 |y 4T3 din b G g o 20]8 50 (SleSTg 5 oSt o Sliogad 4 g b abje
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atamic hydrogen welding... AHW
bare metal arc welding ... BMAW

carbon arc wekling . AW
— G W AW-G
~shigked ... LA
Ll || T L CANT
slecirogas welding. EGW

~CW
diffusion welding. -DOFW
axpinsian welding EXW
forge welding.. FOW
friction welding..... .FRW
bt pressure welding ........ . HPW
ol welding oo ;

OFC-A

~oyacetylens cuting....
=gyhydrogen cutting ....OFC-H
~aynatural gas cutting..OFC-N

m ~ehort tiruiting &7¢ ...
WELDING gas fungslen anc walding... GTAW
(Aw) -pulsed &c........... GTAW-P
piasma an: wekiing............ PAW
S0LID-
STATE BRAZING
WELDING )
{55W)

THERMAL THERMAL
SPRAYING CUTTING
(THSP) (TC}
CEYGEN
CUTTING
{oc)
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PROCESS SELECTION CHART

DEFINE JOINT REQUIREMENTS AND PERFORMANCE CHARACTERISTICS

STICK Pebi 38‘! Bli.:d ol BuUBARC
El - . or Gas:Ehakiod
Cored Wire T G
S Bnlict Wire

EElLlE

FiLL (Fast=Fill, Fast-Follow, Fast-Freeze, Penetration)
- POLLDW
) . - 1
l' FREEZTE !
L z tN TAATION Q | r
— l . | )
! h
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Skateh Joint Hare |

PRODUCTION COMMENTS

REQUIREMENTS PRODUCTION RATING

FRAGL. VOLUME REQD
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55 '\'"IE w ELDEIZES

iMATIA L EQUMF, COET

AFFLIC. FLEX{BILITY
ABILITY T8 FaLLow
5 AR

SET UP TIME RECAD
FIXTURING COBT

'.MT RIAL COET

rl'U’ EMIBILITY
{J0INT PREPAR, FLEX I,

CLEANLIMESS REQMTS

OPERATOR SRILL AED'D

WELD CLEANIMO COET

t U"«’S MEATAVITY
| Hard o Webd Sl |
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(TYPe) (g, Suige wialyd ploxil o550
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Welding Operator

Welding Operator

Welder or Operator Process

SMAW, GTAW

GMAW, FCAW, SAW

GMAW, FCAW,
GTAW, SAW
GMAW, FCAW,
GTAW, SAW

Process Type — Comments

manual
semi-automatic
machine

operator

automatic

operator

hand held torches or electrode holders
wire fed hand held torches
adjustments can be made by welding

adjustments can not be made by welding
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FILLET WELI

SPOT WELD
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SQUARE
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SINGLE BEVEL
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Type of Steel

Carbon Steel
Allay Steel
(Cr=0.75%, Sum of the Alloying elements= 2%
Allay Steel
(0.75=Cr=2% , Sum of the Alleying elaments< 2.75%)
Alloy Steel
iSum of the Alloying elements= 10%0)
Martensitic Stainless Steal
Farritic Stainless Steel
Avsteritic Stainless Steel
Mi Alloy Steel
Other Alley Steels
High Strength ki &Alloy Steel
High Strength MNi.kin, Mo Stesl
High Strenoth Or Mo Stesl
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‘ ‘ Minimum Welding

Spec. Type & Specified Group Group
No. Grade UNS No. | Tensile ksi | P-No No. |SNo.| No.
SA-36 K02600 58 1 1

SA-53%  |TypeEGr.B | K03005 60 1 1

SA-53% |TypeSGr.B | K03005 60 1 1

SA-105 Knas04 T0 1 2

SA-106 B Ko3o06 B0 1 1

A 108 1018 CW G10180 B0 1

A 134 A285B Ko02200 50 - 1
SA-182P |(F11,CL 2 Ki1572 70 4 1

SA-1820 |F22,CL1 K21500 60 5A 1

SA-182P | F304L 530403° 70 8 1

A211 A 570 Gr. 30 Koz502 49 1 1
SA-234 WPB K03006 B0 1 1

SA-234 WPs K41545 B0 5B 1

SA-240 | Type30dL | S30403° 70 8 1

SA-335 P22 K21590 B0 5A 1

SA-38T 11, ClL. 1 K11789 60 4 1

SA-516 | Grade 60 Ko2100 60 1 1

API5L Grade B 60 1 1

QW-422 Jglss I (gl aiges = 17 IS5

slgo 3,15kl Joli a8 s )lkiwl ool 5l iso Les (o g9y SA LASME 155 sV el asuio 35 17 JS5 Jol 9w 1 &5 jghailen
ASME Boiler and Pressure V essel Code, Section |1, Part A and B

U 595 o Ll abgy o ASTM 5 skl o)les ols " S B> g ol ois o3liio] ASME a8 L ASTM 5 )lislias] subas 5l o Jiso ol o

ol ASME 48 & bgyyo ol &5 s LS

Ay e lis |, ASTM g ASME

ASME SA 516/SA-516M-01 Grade 70 - Pressure V essel Plates, Carbon Stedl, for Moderate - and Lower —
Temperature Service
005 3ate ASME S 5l ol ams o bis " SA" & &glis oyl b cesl ASTM A 516/516-01 Grade 70 wiles 5,lstesl o)

ol

Section 5 Ll wsly s azb iy ASME sjlutil (glouisry b L ASME B 3155 5 (636 31,05 aals solse SNO. L QW-420.2 5
A anles ool SNO. I @ jgan) ) wil asls 5559 ASME a5

Al ol L e 0ylos iy 4 I PNO. old ASME SeC. IX )3 39390 APPendix D 3 45" cuul p3¥ a5 ol & o,L3)

L. (Chemical Analysis) ;bes oSy (Type & Grade)as s 5 ¢4 (Specification) clascie (g5 o 48 conl 5 4 p5Y
S W3 WPS )3 55 1) (6, K 3,90 3WT (Mechanical Properties) Sule cluogas
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(Thickness Range) cuwbus 5394w
o3l 5 Cualseis edgd e I ol 0 WPS slus O yieS (gl QW-45110»L.:\ 2 ded o 5D Caownsd pl 0 (5,50 ahte colus
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3/8 in. (10mm) < cuwbes< 3/4in. (19mm) -o

3/4in. (19mm) < cubes< 1% in (38Mmm) -

SYL 5 1Y% 0N (38MM) culses -

(Pipe Diameter Range) dly) ,las sdguasw
55 ;3 WPS jl caand (] )3 ot (6) 852 3)90 g B b ol p3¥ Caolons 03550 183 0 093 ddly dlg) (4S5 390 asla a5 j50 )
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B ks> 27/8in (73mm) -o
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15 e L5 SF by AWS s)lei sl <8 Conl Coygor il & Liign o 5 139,50 (51t ASME (guaas .l ol AB.31 5 AB.L
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I R P S P T
AWSE Designation Title
FMC Filler Metal Comparison Chans
Ad2 Standard Proceduses for Calibrating Maognetic Insinsments 1o Measure the Delta Ferrite Content
of Austenitic Staink=s Slew] Weld
A4l Standard Methosds for Determination of the Diffusible Hydrogen Content of Martensitic, Dainitic,
and Ferritic Siecl Weld Metal Prodsced by Anc Welding
A5 Filler Meta] Procuremen! Guidelines
AS.l Sperification for Carbon Steel Electrodes for Shielded Mstal Arc Welding
AS2 Specification for Carbon and Low Alley Steel Rods for Dnyfue] Gas Welding
AS3 Specification for Aluminum and Aluminom Alley Elecirodes for Shiclded Metal Arc Welding
AS4 Specification for Stainless Steel Welding Electrodes for Shielded Metal Arc Welding
AL Specification for Low Alloy Steel Covered Arc Webding Electrodes
ARG Specification for Covered Copper and Copper AlloyArc Welding Electrades ]
AST Specification for Copper snd Copper Alloy Bare Welding Rods and Electrodes
ASE Specificarion for Filler Metals for Brazing and Braze Welding
ASS f‘_?ucl.ﬂm_!.dm lor Carrosion-Resisting Cheominm and Chromium-Micke] Sieel Bare and
omposite Metzl Cored and Stranded Welding Flectrodas snd Welding Rods
A0 Specificarion for Bare Aluminum and Aluminum Allcy Welding Electrodes and Rods
A5l Specification for Nickel and Mickel Alloy Welding Electrodes for Shislded Metal Arc Welding
A1 Specification for Tungsten and Tungsten Alloy Electrodes for ' Are Welding and Cutting
AS13 Specification for Solid Surfacing Welding Rods and Electrodes
A% 14 Specification for Mickel and Micke] Alloy Bare Webding Electrodes and Rocds
a5.15 Specification for Welding Electrodes and Rogs for Cast Lroa
AS.16 Specifieation for Titsnium and Titanium Alloy Welding Electrodes and Rods
AS.17 Specificabon for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding
A%, 18 Specification for Carban Sieel Filler Metals for Gas Shielded Ar- Welding
£5.10 Specification for Magnesium Alloy Welding Rods and Bare Electrodes
AL Specificathon for Carban Siee] Electrodes for Flux Cored Arc Welding
AS.21 . Specificatior: for Composite Sarfacing Welding Rods and Electmdes )
AS L ~ Specification for Flux Cored Cormosion-Feaisting Chromiam and Chromism-Micke]
Sieel Electrodes
PERE Specification for Low Alloy Steel Elccirvdes and Fluxes for Submerged Arc Welding
AS.24 Sperifiearion fre Tirconiom and Tirconiam Alley Welding Blestrodes and Rods
AS.8 Specification for Carban and Low Allay Sieel Electrodes and Fluxes for Electroslag Welding
AS36 Specification for Carbon and Low Alloy Steel Electrodes for Electrogas Welding
A5 Specification for Copper and Copper Alloy Rods for Ouyfuel Gas Welding
A3 TR Specification for Low Alloy Steel Flller Metals for Gas Shielded Arc Welding
A529 Specification for Low Alloy Sieel Electrodes for Flux Cored Arc Welding
AS0 Specification for Consumable Inserts
L] | Specification for Fluxes for Brazing snd Braze Welding

Filler Metals i panis - 18 S
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Aoy & dtug) 350-430°C (slos sl 2 U1 o j 8 Consl (o0 9y o) 1 955 5590 o5 iS9) AWS ABS [oMS cladg S
el jloe st HL 2 ST Ladg xSl ol (sl 59 (6505 120-150°C (glod 15 Gpuan yloj U oyl 51 s 9 g 5w (39,5801 055l
A 03l BB d g b 0l s (gladg Sl

ol 030l 35 235 4 WPS iges 8 3l Lo po (slasiomd 1 038 p 318 lasuiin QW-404 & 4555 L

(F-NO) F axaseiin das
oialS odlsiul 3,150 (cain pundi bl .ol 0ad 0ylsl T 4 Jghis b QW-432 15 a8 conlnzg Sl el gy punndts o F-NO ciis
F-NO (o1 o (SiSa 4 Jgia )3l 0392 1o e oo 5 129 2801 ()8 Sloguas: Cppliio 5 03 6 slo PQR s WPS sl

Bl oad 53 it bl el ledlie 19 S5 )5 g sl ool 5565 (slasLl

ow | F-No Wy
4321 | 1-6 s3Y b slajLl
4322 | 21-24 Al 4L iUl poveg]
4323 | 31-37 Cu 4l lajlly o
4324 | 41-45 NI ab slaslll § JSs
4325 | 51 Ti 4l bWl poslis
4326 | 61 21 4l iUy poses
4327 | 71-72 i )5 Cot g )8 1S5, sl

calisee L;\.m)Lﬂ sly F-No -4 Je>

GROUP METAL AWS ELECTRODE
DESIGNATION TYPES CLASSIFICATION
Fi Carbon Steel EXX20, EXX24,
EXX27, EXX28
F2 Carbon Steel EXX12, EXX13,
EXX14
F3 Carbon Steel EXX10, EXX11
F4 Carbon Steel EXX15, EXX18,
EXX18
F5 Stainless Steel EXXX15, EXXX16
F6 Stainless Steel ERXXX
F22 Aluminum ERXXXX

F-NO jl Ll - 19 Jss
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Aib anl,d ) ookl 390 55 b Ladlxe 55 g0
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D9 (o
Qw442
A-NUMBERS
Classification of Ferrous Weld Mefal Anakysis br Procedure Qualitication,
£ "
Tipies of Wizl Smalysts, 95 [Moe (13

A Depmisil C Gr [} Hi S 5f
1 M id feel 20 .. .- 1} 140
2 Carbwfilzbdanam a.15 Q.50 DAC-L. 55 i led LK
H Chocnw (0474 to 2% 1-Mg shderum Q13 I =g 00 Q4= BT P L) 1.0d
4 Cheome (2% in A%t Malybed:ruem 15 RN I N T ndf 150 .. 1.62 XA
[ OF remoe [A% e 10.85% 3RS lyLelsurn a5 ON-10.50 O.dr-1.80 - 1.22 Lo

Chrane-harberitic Ll 1LLD-LE.LD 2eu .. .00 1
v Chrcane-Ferrltie 15 L100=3C.Co 100 . 100 300
3 whremiun—h ks €15 14.50-30.CF 4.0 ¥ 50-1E.00 230 @Ak
= Shrem’ ane=hicks R 19,00=30,00 =REH 13A40=37.00 ESL) 4.q0
10 Hirkrl n 422 .18 - fo8 AA0-4 94 1.5 1.A0
11 M- Wolylse nis - 1.72%-0. 7% .45 1.78-7.7% 1.100
12 Mickel=Chrgre= Ml 3lybe 2o U, 0% 3 ] =080 L= Al 1.0
LOTE
(0} 5'g ¢ wa ars shown ahowe s maxi num.

A-NO (oty s 5 o> U1 -5 Sy

(Spec. NO.) 6uiiS 5y 318 Clasuin b ylowd
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O sl g cageiagll Sibay (9 (slaeBoz w9 29580 Slaseie SFA-5.9
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(Solid Surfacing) ()l iSs; s> sledgs maw 5 395U Clasete SFA-5.13
O 3T 5 (IS sy (ot Slads> o 5 39S Claseitie SFA-5.14
0% S ¢ 1 b s 9 9958l Slaseis SFA-5.15
OGS 5 (agslis slasboe o 9 295S)] Slaasuiia SFA-5.16
S0 2T 008 GSBe iy ()T b sla S 9 39S Lt SFA-5.17
B L 65 s (s St (sl (1S Y58 g s 2970 bt SFA-5.18
P58 2950 b g g S el (S SV ph gleog i)l s SFA-5.20
(Composite SUfacing) s o )5 (iS5, s> Slaebsn w5 297 Sluaseito SFA-5.21
Sl 0P S5 3V Gladgr e 5 605 295NN L s 6Kl gl 05 S5 5Y58 (sladg Sl laseie SEA5.22
GRS g (5) b '
S5 T 0098 B lp S SV 58 sla (S 5 398Ul Slaseite SFA-5.23
O S g oogsisS ) Sl e 9 29580 Sl SFA-5.24
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5L o3 o 6 Sbgr (sl 3l o8 2V 5b (sloedy o g 29580 luasiio SFA-5.28
SPRP .)»;'ﬂ] Lv u,.:}s d)l&:s? dl)g d)UT pf .)Y}é dlm.)g):ﬁl Slasuin SFA-529
S Byae sl oY Slasie SFA-5.30
Ky )5 o) 5 s )5 d (£lys oS ol
Sg> 5 e g Com ()5 o (gl S SFA-5.31
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E 60xx, E 70xx, E 80xx, E90xx, E 110xx, E120xx
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ol ply el (OHH,V F)ursg Hlea 3 ,8se | EXXIX =l
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al ply 8l (F)ess cunsy j laid ¢, Kag | EXX3X -0
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Positional Capahilities
Electrode

Tensile Strengih x 1000 PST
Elecirode Coating &
Electrical Characieristics
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(Size of Electrode)sg s o 31u51
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(Deposited Weld Metal ThicknessRange) (g 58 Culbus 03905
39 oo iy 5 QW-451 aty bl g )] jlaie ) s 457 398 (o ) 0b 031> gy (e 318 ol e3gamme WPS I o oyl

(Electrode- Flux (Calss) ) ( wig> j392) (uSYE (oIS
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Standard analysis of the important cover types (values in %)

cellulosic-type acid-type rutile-type basic-type

cellulose 40 % magnetite Fe,0, 50 % rutile T, 45% flour spar  CaF, 40%
rutile Tio, 20% quartz Si0, 20% magnetite Fe,0, 10 % lime stone CaCO, 20 %
quartz Si0, 25% lime stone CaCO, 10 % quartz Si0, 20% quartz S0, 25%
FeMn 15 % FelMn 20 % lime stone CaCO,10 % FeMn 15 %
waterglass waterglass FeMn 15 % waterglass
waterglass
no slag solidification interval solidification interval solidification interval
of the slag: large of the slag: middle of the slag: large
drop transfer: drop transfer: drop transfer: drop transfer:

medium size drops fine size drops up to medium size drops upto  medium size drops up to

spray typed fine size drops large size drops

toughness values: toughness values: toughness values: toughness values:

good narmal good very good

29580 iSgy ol o5 4 =22 IS

CTassmicaiion SyStem tar FIn-EeCTrode Compinanan
See AWS Publication 85,17 ({Latest Edition) for Addiional Infarmation
————————— Indicaea Alux
f Indicaes the minimum t2ndle strength (10 increments of 69 M1 (100000 peil] of weld

| meral made in awermdance with the welding conditions given, and using the flux bedng clas-
silicd and the sproibn clasilcanon of otk melcatod.

Dlespzoutes the cond o of eal ealmenl mowchicb b lests were s ed: “A™ fan as-
welded and “F" for postweld heat treated. The iimz and cemperature of twe PWIT ane as
apavilicd.

Indbcates the lowest tzmpe tamrs wt which e impoet stoenglh of e weld ariel elemed w0
Al roeels o excesds 27 130 ft-Thi

I J_ —— E indicates & solid ckeetrode;, EC indicatss & compmsile clectrode.

Classitization af the elacivods ured in produsing the weld refemed 10 Aove.

295550 1S9y (5 Sl ogs = 23 s
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sl plosl BB S cany slar )3 5K Vool
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Overhead (¢, YL (4
155 Sigs il gl curdy QW-461 1y s ASME Sec. IX sjlutil 5 kil o QW-405 ¢ St cundy & by yo 3 il

9 > 9 ) 4bg5 b ()lud Cumsg !l ke Cond (ol 55 1 (gl (odleptin 3)lge .l o

(Position(s) of Groove/ Position(s) of Fillet) gl awss b (g i Curadg
skl (g )lad] Bgy s o duslio b oyl )J)..\39.i3 (P 0 24 IS 7 Jsda ) wond sl (sylaid] By (o Kb Cundg sy
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..))‘.) .)9>9n UUKA‘ 9 bl 097(.3 ¢ )K dxlad

7 eldiine Pagiriens Ter Cirnove welde-

|F el ding F osdton Test Position T30 amil TN
(I 1a 10 Pa
[Hovizeurual iz ] B
[Verical Tpwaadd:s Trome ssion 3 I'F
Weirical Tloownwards Procressinn i P

v el 49 I't

g Fiaued Heawoulad il I'E
|[Pipe Tixed i 45 degrees Upwaards [ T4
||I-';|1e Mixed iro 43 decrees Domanamid= 1T I EEE

W elding Positions Fou Fillet weelds:-

(A elabinng. Tosidive Test Pustlien T500 awd EM
“ﬂur el Hnt jninr it 45 -:'I-egnrs}'- 1T FA
|Hl.||'i'."||||| ul IF FH
[Heorzont al Bolalal 2K =]
[Verical Tpwads Frogre ssion i T
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Crver he il AF 13

[y Fuwd Hooulal iF I'F
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ASME/EN positions

<

26 (PC)

PG - DOWNHILL
PF - UPHILL

1F [PA)

45"
{
FiG - DOWNHILL
FF - UPHILL
H-LO45
" e | |
EPE} PG DOWHHILL'
PF UPHILL
n

GSSg b cumdg il (S - 24 S

(Welding Progression) (g9 miw Caea
b oo (UpWard) YU o (bl sayie ca (53905 Sladn (sl Bros 85 33,5 (o0 553 (6K (ggpy > Cunnd (] 3

(Preheat) ¢3,5 @,5 (i
o> 9 e 395 o p)S ey S aelaB (g ) g BB slajle Suliy el 5 (Sism (S8 xSl sl Yoane
Cub Sk gled = jlome a1 58, Yl g )5 iy glod 1 a8 & )8 addad (glod (28l 5l (6 gl (sl el (o slod> U5 o5y KB lilos

SS9 S)lp g &5 b Jos ol U8 el p5Y - (Tempering ) e

L b o slod 9 205 G slod Jlas . 8" JB IS audal glod oo (Sl 3 3 Sl sl @5 M 0 b 9 Sy g 4
$lod s oo ()5t llae plosl il 18 °C j) e be > 223 85 590 13398 (o0 (sl Aoy 3y Caslbid & g
ool QW-406 (35 p)5 L basyo 422 il <o bsr Jomo Sl o (gl 3) o (oo T6 aliols & Jilis 1l 35 5 e
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(Preheat Temp.(Min) ) 3,5 0,5 i sbod JSlas
e gl gm0 Sl 5D ay pIY 398 o e )] Conlis g delad in 4 do g b 3,5 5)S i Ol deyd s SO E oS jdhailen
gl bl > Al canl askad 93 oy )5 S slod VL ) SSgr l p)S Sla lod Bl ally 36 93 gl piY £ S i

ASME B31.1 . ASME B31.3 table 330.1.1. AWS D1.1 table 3.2. ASME Sec. VIl Div.1

L 5 (IIW) b2 (lall s gistd] s yiino lyo (B0 ol 003 Sleiiy Cualies & a2 b oo i (sl )5 p5 Gl sl
o= o Liuled KL Jolao oy S Jgda oyl y3 ) ol 000l 8 Jgan ;5 sl 5l (ol diged 48" il o3y &1y Jglas (CE) Jolao )8 Jgo 3 1 onlizusl

CE =

C+

Mn Cr+Mo+V Ni+Cu
+ +
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(Preheat Maintenance) o,5  yiw (5,5

(Post Weld Heat Treatment) ((o2b 5 () 555wiga 51 (e ()l Oldos
1,3,4,5,6,9,10 j cle kil PINO & (g3lse (6K 5 Lo 5> il 5 ol 3395 o0 et QW-407 dlyusgy oo )
00 5y o 5 )18 5 23l o 11

PWHT g -

b Sl Sl ax s PWHT-G

(05,5 Aoy aisle) SYL Slysw &l 4 )5 YL PWHT-

(o= @898 k) Ll Sl ol )0 j gl Sl Sldas olyen 4 (YL oo @)l 4250 (VL PWHT -

aSke 5yl 4D 03gdxe S yeks PWHT -

N5d (o JroSS 05 gy 4 o (al Ygane . 395 (0 bgyje ()30 Sl Gy (51> llas &) (olotand WPS 5

( Temperature Range) < ,l,» as 43 dld
5 G5 )l Slles el 5 ol 4SSl Il 98 oo ol |y (s og (5] e39a5me (& — Gl Vs 1S s 55 &8 glailen
P39 (g0 )53 Camd pl 3> b b 4 e () A 4 bgrpe Ol a0 Ysare sl o el ()80 5l

590 °C (1100 °F) ,81us yuad gessS (slod¥sb 3,90 ;3 =il

650 °C (1100-1200 °F) s3945x0 15 a3V s plo glp

3les 5655 600 PF(315 °C) 51wl ] 53 wiges 315 51,5 plin &y 0y65 & lys s p3 =0

Ui Cpyiesses bl 5 a5 2200t Jge 6 5l ooliul b 13,8 p)S Sl e jols 220 °CINI 5l wls 5,8 p,5 Kial 315 °C YL -
Do (oo dewlee Cunl gl sy dalad

o5 595 140 0C 51 Lo 4.6M aAlols & aalad o 93 (slod OS] 53,5 p )5 (> 5 -

oles 5955 83 OC 51wyl el ) ol dlaii 93 e (slod BMBT ) (i &)l 433 55 ()l e 3z

o dabab 5 pteses U] )3 o8 260/t Jse b b Sl ol sles joloss 260 PCINN 51 wyls islo po Sinl dndad 13,8 5y 3 =2
Dga oo dewles Cunl gl s
Jales ool coul oo e dlg 8 D 41 53 48 D+1270/120 abal jl ool b Jlgd JIS31 5 b 350 « bn gl 35 a5 (s =2
Al o sty oo 5 Gl S Sial 5 (5)uaS5 loj S VI 368 ko L aakad s glatio Cuslus oy iy duglis 1y 9 00d dsolns glaiis
Dy oyt §)Sbg e Sl Slles sl 8 pj e Sl Olg (o oS ol S5 4 p)Y

AWSD1.1item5.8 , ASME B31.3table331.1.1

(TimeRange) (5,5 ob;
o3 3 paS g L yied - s sl 3Vgh ()5 oloj Ypane . 5 (on peds A Cualons & iy 35 25 sl 50 e
28 ookl yidey (sleialy (gl o (iSw o ol SO mle jl ol o CawlaaY g (Ko ) i« )l
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(Other) ;%5 Fluwo

9 )l Slles Slasuis b gl 5)p Slles 4 5l woglhs )l Sllas ) £5 )5 p5 Sial 2 GG 4 Bl (0 Ceond 0l
ol el WPS ] (gl ()l Slidas (sl doras 2929 S50 10 L 938 185, 5l 3,50 Slides BLS WWPS (55 )5 (> 5 gl dls o
25 &2

(Gas) ;¥
1 ol 5 WPS jl coond oyl Lablos 55 lasuio bl oo yhumed] 5 (56 (So9l 5| Clie domsgs cblis dbslxe J5 pae casllsy 5l S
iy (SeS = Ll S5 ol Sial (3 iy — (S8 = baslrs S (oS o (2 2y (S8 — il B g5 (1

(Shielding Gas(es)) Ll ;5 go5

Lol 5805 Ly bgbke pgns b (oolas & 1S ol 51 S b digd o enlital cslis (el L o) 51 Lboslss L AT (CO, He Ny cclajls
S-S ey g 38 Uil Ll 4l 5 g ¢ B JSb ¢ CanlS 533590 093 9 398 &y (S Ladlore I (g yigy Sl X9 (oo B pae
e iy 53 58 e a5l ). 293 odlizl 3 (5 51 55 5 Ldggy 29,801 5 b 605 29580 b (S (slaanl )by sl (Sae )b
S g Caannd (3] 3 (OFW) (515 cog L (6)8bge sl )d )yl ¥ caond ol 1o 45 3,90 5 6L 05 55 (00)lg0 iz > (Lo
ol sl g0 50 Gloeog 9 Joan 53 il (S 5 ()0 bgle b (B litial (ST o581 Jlio lsis 4 09 (o0 48 G 3,00
S o odnlia njls

Gas Type Process Used for Characteristic
Spray or Pulse Yery stahle arc with
Pure Ar MIG Welding of Steels and | poor penetration and
e Argon S Juraininr alloyrs low spatier levels.
Dip Transfer Good penetration
Pure C'0; MAG Welding of Steels Unstahle arc and high
levels of spatter.
Argon + Dip Spray or Pulse | Good penetration
5 _ Mt MAG Welding of Steels with a stable arc and
0 CO low levels of spatter.
Spray or Pulse Active additive gives
Ar + MAG Welding of good fluidity to the
Lol Austentic or Ferritic | molten siainless, and
i Stainless Steels Only | improves ioe hlend

b 5 £151 ) e -9 Jpio

(Percent Composition (Mixture)) ;55 bglscs cus y5 o yd

2P 0ind S S 5 o> (65 sleboglne jledlitul ©ygo )3 g (ogs Lo pd S3.0)l05 o 13U (b sy 9 985 ¢ SIS g9y 2 S
3B S 5 dop e o OFW (gl 01,6 WPS )5 .C0-20% + Ar-80% L, C02-99% Mo .39 o plol dogspo pyd 5l Caomid ]
Aoy Sl b (8 ST dad (3355 ol 8 sl il (ST 6 g 55 Jlie plgie 4.0)5 195 Caound (pl 3 1) (g Sz Jlad 350
Wiges 45 45l 03,5 Lascie 3o |y )5 ool duoyd skl (5 o8 Cond 2 &5 cpl S35 )09 0 8D bl 3 g 039 puiie W} 51 S um
(st 0 10 Jgas 51, el 51 6l
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Purity of gases and gas mixtures I

according to EN 438
Group Min. Purity % by Volume

] o058

i #0.30

i 20,70

i 23,70
wa 20,70

c 20,70
29,50

u.:‘.:a) .))‘..\:Lw‘ L)"’L"‘ » lm)lf 0091> EVE=SN '10 Jab
(Flow Rate) ;5 oL o Kl
bMesl ccel colin o bgs JolS clablxs 45 0gMe oS 33 )5 oulal (5956 4 b g g (0 0zvias loj Anlg )3 i) s 4y 55 L > <y

S alie dgan 55 e ol ISl 30l (St o S5 I B 4 5 ol Sinl g sl zas g ol wa

METAL GAS FLOW CU. FT/HR.
(CFH)

KIND THICKNESS ARGON HELIUM *COy

Steel .035-3/32 8-10 20-30 8-10

Cast Iron 1/4 16 40 —-——

Stainless Steel 1/16-1/8 11 30 —

Stainless Steel 3/16-1/4 13 32 ——

Copper 1/16-1/4 15 38 —_———

| Magnesium 1/16-1/8 10 25 _—
* Pure CO; is currently used exclusively on steel.

Sl By sl S8 b Sial =11 Joae

(Electrical Characteristics) Sy Olasuiv

2 e s Jo b asly 3 0ad oy gy e 8 Gl 5 o2 GRIFIL 5 (699)5 sla)S ) LRI (oSl lja cudad 5 £95 ) S
Clasuie ol cuslite <298l o (il 4 (o b Jsb (Bl g Gog> 0,5 ojlul (RIBIL Jhg 8 Bl ciren 098 (o0 g CudS
P35 (g0 aloes el sled)ly slosS (i 23l (0 QW-A09 iy ulusl 2 (S5

Amps x Volts x 60

Heat Input =
Travel Speed (in/min)
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OP5r e 3 C s lo 516 il 95 (1S 929750 55 g 0]l W eppel b ol €9

(Current AC or DC) yyL,»> g9
sl el oY s el SSDC bl eslitl ©jg0 53 dind (o Ceny e xS AC Gl b (5 s DC i Loy oSl (5
ol S AC L yogB g9y oS Cadly do g b 13,S dxnlyo 59 iSUl B 5le dvogs 4 olg 0 by bl

(Polarity) cuad

5 site kB a2, Sl ot Colad )3 ABL (San b ealiie Wl (o Capad )5 ez i 1) capla 4l DC ol bl @0
95 s pleS 55 3985 9 oA 093 39yl | (6558 Gline 398Ul () 108 Gyl 55 pe5 e Sl ol 133958 (o0 oy Custe b 4y IS adkad
33,5 (oo g S8 5 93 9 Sl g9y )l 35 pe sl (ul 9398 (o0 Jrog (site lad 4 )15 dabal g Cute dab & 39S ¢ pugSine ol
i (oo Ui |yl 5 ()bl WI)s

1DC ol 3 Cute a4y 598l sl ()

DCEP: Direct Current Electrode Positive
DCRP: Direct Current Reverse Polarity

IDC ol it b 4 39,801 Sl (o
DCEN: Direct Current Electrode Negative
DCSP: Direct Current Straight Polarity

(Amps (Range) ) ;b <o
4 SMAW 5515 50 (i Sl &g S 155 00980 (0 s oy S5 s g 3985 ine 28 o sy 095Ul Jlab at] b £ &
(w0l oas &8l,] Ll lgie 4013 912 Jglus). sl L5 3590 ybys puol 45 =30 dgas 39,831 Jlad 5l jranko 1 2 (ol

GTAW
Tungsten Size (mm) Current(A) Volts(v) Travel Speed (Cm/min.)
1 50-80 7-13 5-10
1.6 60-140 7-13 5-10
24 80-160 7-13 5-10
32 150-300 7-13 5-10
4.0 250-500 7-13 5-10

o3litul 3,90 (S b2 s =12 Jga
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SMAW
” . . Travel Speed
Position Diameter Polarity Current(A) Volts(v) (Cmimin,)

25 80-120 16-20 10-20
Flat & 3.2 ACor 110-150 18-22 10-20
Feram 40 DIER? 150-200 19-25 10-20
5.0 200-250 19-25 10-20
Vertica & 25 AC or 80-100 16-20 8-13
G 3.2 DCRP 80-120 18-22 8-13
40 100-160 19-25 8-13
5.0 160-220 19-25 8-13

o3lil 3,90 (S b2 b =13 Jga

(Volts(Range)) ;W,

2Bl e 39390 g 50-60 § ¢y 20-24 Calises pludl 3 iwd (6)SKdgn (sl olSiwd 3945 (oo (535 03101 5L Hlie & yguns Ygone oS 31

P A o e g cpmsd b Al g oS L () ber e )3 (23 B0-40 ) S o )18 Sy a3 35 (65001 5 6y s sla olSos
S o alan Mo 1y (6, S 5 odliul 3,90 il (gl 405 ke (28 5 (S Sl laseie 14 Joa>
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characteristics transformer welding converter welding rectifier with
transductor inverter

electric parameter
main connection one-phased MAC three-phase current | three-phase current | three-phase current
netwiork load unbalanced symmetrical syrmmetrical symmetrical
influence from mains proportional not critical proportional compensation in the
fluctuations areas £ 10% usal
efficiency 80..90% 50...60% 70..75% T0-80 %
efficiency factorcos @ [ 04-08 08-09 06-07 0,86 - 0,89
wielding-engineering
ingnition characteristics| satisfying good to excellent satisfying to good good to excellent
welding characteristics | satisfying good to excellent satisfying to good good to excellent
hlowing effect no strong strong strong
rermote adjustment no possible possible possible
other
maintenance costs vy higher |y higher
weight narmal wery high norrmal oy
noise creation oy disturbing little disturbance little disturbance

odlisol 3y90 Calite (gl 415 aito (8 g (o S) liasuiio =14 Jgan

(Tungsten Electrode Size and Type) s 39,51 £45 g 03101

losg iU 0gs i gD (6 8bgr e 53 YL gd ddadi s dng L 39 ,58d] cpl cowl S0 G puae 52uis 39,0 GTAW il 5
P (oo el 09)5 s & (S5

2.2150.8 o &8 sl )55 = (5255 39,580l 3Y55 (glyy (B 398Ul lite )95 = (S € pisS o — (ST Al (S
295 (50 O (55 Ll ol 2 (1S 292801 B 5 o posB 5 Gl 0 1B el )l s 4Bl (1S & ) ey
i 1y Lnag Sl o5 iyl la e 52 15 Jgis (48 ann)yo EN 26848 L AWS A 5.12 clo sl & 115 o 3590 0l )

..\msuﬁ

AW3 COLOR™ ALLOYING ALLOYING | ALLOYING
CLASSTFICATION ELEMENT OXIDE OXIDE.
I

W REEMN C -

TWOT=2 CRAMNGT | CTRITMT T 2
EWLA-1 BLACE | LANTHANUM LA 1
EwlH-1 Y ELLOW [ THORLLA L'H 1
EWTH-2 FED THORIUMN THO, 2
LW £-1 LW | AL IR AL R 2=
FW( GRAY “iIT SPECTRIRT !

S dhmﬁ);ﬂ‘ Slased _15J9'\?
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(Mode of Metal Transfer for GMAW) GMAW (gl olis 38 JBSI g4

Hihasle Glie 58 Jasl gledyy - 0,15 o il e 18 Uil (39 55y p Lablre I Sy g lyr i  GMAW () S3g )

5 (Globular) ! s « (Spray) Sslzsl « (Short Circuiting ) obigs” Juwas!

o eS Oly olisS JLal gy )3 (Jg 29 (o st 985 g aidl JUSI 5B & gyt Ol (SO () 40 58 Jal > cunl 55 4 p5Y
oy S gl S Ly 5 a1 5l ool s 3l U s oo JUl gy ol b 1o Capnig dod 3 1y 53536 3l 1 5 oy Jlasl gl 5
snlgs (gl oy o &y JUaDl byl (e 53 ol S0 (1Rl 2g; el (SOLES g 315 JUal VL Gl b 2l ()] (e
eI

Ly dad o &y SOl JLasl ol 3 a8’ 5L s cad (o y5eS .Canl oSl oligs Jlasl el g Sl s g b s s o3gdote d> o5 (il
So o8 Hlue clylad as b5l 5YL 50wl S5 il jlad ojlaily oS o dsly jd clylad slaws by Gl cpl pi 0. el e JE! Ly ol
Aad e L ) Ll glgl 25 S il obj oyloj aslg el e slass

Clie 18 sl cilises closg, = 25 S

(Eloctrode Wire Feed Speed Range ) (pigs paw 4325 & gt

D9 (oo (e Olde dmd g A g s I s s Cuomd (]

(Technique) 5 g, 9 SWSS

Hlas)le (S ol > ) el sdleda d)lge - ail (o QW-AL0 bl (gySge (i) (ST IS
(sl adl) (290 b )l o (000) 02,5

38 sgee Jib L SaMS ojll

b O 5 sl ) s

G Sy 53l gy

olwy

S Ly oles alols asgioe

Bl oy duly aix b awl SO g

@b 22 b (S sl 39S
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(String or Weave Bead ) ¢l €8 U (5,195 (wiga b 00
Dgb ooyl 8 IMa (53,5 Sl 4 (gl 4l (ola 03,5 .l yiuin SIS ol 45 Cawd &S > e g 15 395 (o o3l (gl (sl 03,5
(s 1,26 52

AT TR AT

Do 03,5 IS calisee JIS31 = 26 S

(Orificeor GasCup Size) ;5 yae J3U L SV 30w
Gl (53900 (55 )90 4 0Ll ¢ Lablowo SIS L (6 gx (slo sl 5

(Initial and I nter pass Cleaning (Brushing, Grinding,...)(..... g ;95 Sw ¢ (335 (w2 ) oWl ot 9 Mgl (5515 sued
S Sl 8 Sl S a5 e [ 1nde) o lS55 9935 ke (5 S ol I g o5 S5 ploc] 5] i s (38 e
Cge Bl g all el g o)l (35 Sb el mhaw (135 505 IS plas] 3 5wl dix 6y b5 Sllas (o > (imed 95 (0 (o>

(Method of Back Gouging ) (wigs Cudey cywild p (g,

o9 andlyy 5 Sladbg) Sl (o bawg Jlail cudy e (el g 1l B e (o iy Sl ()B4 Sl @90
Electric Arcgouging )8 39551 5l Jools b ( call
Oxyfuel gouging Ol (w1 Alas dlwgy oyiloy (o
Grinding and Chipping Gl odlp by 95 S (o

(Oscillation) oylwes
g &S S B L Slss o Slg cS o (oye 10 oo st Cand ) 1 08 o]y 3 098Il Slug S Sise sla el
A3l o b JB Plewo
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(Contact TubetoWork Distance) ,5' b dlg) wles aluold 53945%

ESO L 1,5l anlye (o550 5 /LS aabad b 59 58Ul 013,055 S35y dlools 5l canss s g 0351 ,53 L5 SAW 3 GMAW slaiy] b ol Lo
LS aabd b 56 alols ojle 5l a8 aiS ool TWD L 1T 35 aolye (3 ol Electrical SCK-OUt le s olisS 4 wims o inlos
(1S g9y 27 U ay). ol o5 a8 )5 Tip to Work Distance

L 'l

L Ay oles Alols sxgame =27 IS5

(Multiple or Single Pass(per side))cd,b & ;3 awly W b awly ST g

Do (o0 gyd Caomid pl > WBL Al Gher Wb ki b G 4l gyl I Byl e 4S50

(Multipleor Single Electrode) S5 4 oU aa sdg oS
.))‘9_.0 Ls_>)" 2 .)9_“: ) [V-?“D .)5)45\” t_gJ A G Cgw) &bi u,«u‘)ﬁl p&bs )) d.‘ifo LY tS)Lﬁ .)5)45\” L )‘ odlizwl SAW )Ja) u.;Lm.\J)ﬁ »
] 04 o3l SHx C9]aw OJ‘J g d‘)‘.’ g &) aman L;Lm)»;’ﬁl 3

(Travel Speed(range)) <8 y> Cis yuw di0ld

D)l Cuenl B3 () Kdg 0 0hag yrelyb ol
(Peening) 5 WiSa b (ywss

b sl 1y 5L ol ojlel (3 cledodlygian ¢ ladlusbiasl (5 Lol 39y ) & g 3 osilendl (sl Bl gl Wy o () LSS b (S
A3 o oy Sl ISl &y ST ol 2
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WPS (pidgi 43 o3 OIS
AL dow 4 39390 (Sl ke ] p o D ASME 5 skl wlol 53 (JS cls 0 WPS (6 oilss 06 g o pis s &l 958" b ac]
g (oo o

bl b e @

oS5 glo 20 D

bl i glo i C
39 oo > POR LWPS (G s el bl )3y o s ola yuiio  (EsSential Variables) bl slo yuizo
2 Kgd o d> PORLWPS S s cel S)yge 3 o e o) | (SUpplementary Essential Variables) LG slo iz
C 25l 0l CutS el S dpd 905l 4 sl oyl b Slasuie
39 oi ds POR LWPS S g cel gl uis oS Ll izel (NONessential Variables ) wlof ye clo puiio
3l ok S5 QW-262 65 QW-252 (gl ;5 4] o caliseo el pize ASME SeC.IX u8' ol 5
Pl Jlaslerl iz olg (o olol sl el oolazal L bl cudgi o WPS S5 il Jlail S5 50 (sl o sy (o0 5l5 &0 oz bl
S elym o3liil 350 5 p5Y s WPS 3 PQR sl (2slS sl (oS5 5 suslid (6 b piiio jl soliil €S g3 oo 13 .5l WPS &,

5 (0 0390

(Standard WPSs) > lailiw! (,50s Jorl! ygiuwd
lles glyal dg g0 (sbadylailiuwl g laa S olad L yai Lol 3yl g g (65 Oldas glnl (SsSs 9 a8 S lp alisee glod st
2 L WPS i L S, 0 s WPS (S, el 1l Jlas! o 1 03,8 pl3l s agl (WPS) (6,55 Josllysios S obl 5 1y (6, Kion
‘) 4_199:)9 s 3).3)L§ 4 Jgd>w0 g ua.?um d)Lan & cuwl AWS D11 sile oS L5'>f BRl (Pl’eQua“fled WPSS)D.\M: ..\ng; JJ )‘ d)&.«u?
el ool abogire 1S )3 4l o)lacs g 4Bl 3939 p3Y POR 55 3,1kl cbWPS 51 G o (el ) o (g dtwd 3 yumo 39 Sl g dalad
g Ao 3l S Gl b o a8l STl 1 (S Lag 00 (e 039300 3 0dijls Lawsgi 0l (31945 WIPS (gla el 4S50 0 cnlple

(s 1, AWS D1.1 Section 3) .xsl e I PQR

5) a0l e sbre Sl 03, ASME IX Article V s oS ol s cos |, AWS 5|kl (sledosdlygiwd 5 ookl 15 ASME oS silisisgs
1, PQR o 5L 5 03,8 5 ool sl (0l el 11,508 o o s Lol sl AWS Ll 51 5 6,8 s 81 L5 ol (co3Meo 2000 JLas
Ages SO 3,5kl Jodllygiws 3 yo (gl b oile &S conl (ol ASME 13 oS -l 5l osliiw] Lol dlos 5105l o Byl 5190 (g5l
O S0l e g0 20 g0 )3 o8 a3 )18 35 0],  (SHlSe sladgeil ot gyl o 5 03,8 s ()b (sla )l 4l e L
(sise 1, QW-510(d)) .1slbes o3lizis) PQR ags 19 185,35 (o0 513 )] 03900 55 457 (6,505 &V Lasl (gl Joullygiasd
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g oo o)Ll gl 1 (B 50 48 313 dgmg an] )8 ya > SIG AWS gl 5yl bl p

13 P99, 395N b (wgd (g Suign

D08 )8 CSY Cundg 4o dalad oSl (i

L ol 48 sl i 39 5l g (6 Sg Camdg s IS carad Caalbus | iz sl ol 5 55 ¢ 5B S 09801 o3lsl 5 pudlS
e olses] 3958l 0aiS W)y Sl 4 4 g

Ll pj Ojge & )by cilise Sl )3 jloxe 39Sl jlad oy SV

) ol 50 3 4 o5 Slober oled gl o e 8

Bl e oo 614 Jlail 55 5 evg: iy ity (gl o 255 b 3 (sloder sy b 5 058 2l )3 (ol 4SS Sk (sl e b 64
g o plsl (g YL g (53905 (Sloimdy 1> (59,80 o5 sl 2980 § EXXTA 555801 o (sl (sl oo o 4

S 5sb 3)lge 5l &Y &I 5 (o)l Slobgr 4ty ol ol o (e 4

D Dol S5 a8 wil gl eIl 4 b aduy by edldtul 5550 39 xS o3lu) J8las

ol 33l yio o B4 51 s (o)l slagn o Ay (b Canlies o 5V

Laglad el 5 pslie Sl Wl Aul wx b ST (gl adsS Gl adyy ol Culs Sl

S g 9 o e /D

o Vg B8 (gl Comdg 5 2o o 8

o o 3 s e 1217

Pl ) g sl 4855 5 ()b sl 6y 3 Ay bl am e AY Culius i

)l )18 oS Camdy 0 & ledsn sl e e 3

)3 )18 (s3905 5 s V¢ (Bl Slagindg 3 oS lober Sl o o 4

Gildae p)Sdiy g 039 (59 o)L (Sib g ey Bun LS4l Ko 3L Vb 4y ) bl (93900 Cumdg b )KS92 1 by (oled g9y Ca>
s B el 3V 13 92 3l oo bVl po (5515093 ol (s 5 gbolio (685 3y90 53 39 45 Jlai 13 21°C Jabio 5 Jolao
5l o oo
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(1) Visual Inspection (see 4.8.1)
(2) NDT (see4.8.2)
(3) Face, root and side bend (see 4.8.3.1)
(4) Reduced Section Tension (see 4.8.3.4)
(5) All-Weld-Metal Tension (see 4.8.3.6)
(6) Macroetch (see 4.8.4)
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NOTES:

(1) Ary carbon stes| material may be used to & minimum temperature of -20°C (-20°F)
for category D fluid senvice,

(2) X grades of AP1 5L, and ASTM A 381 materials, may b= used in acoordance with
curva B if normalized or quenched and tempared.

(3) The following materials may be used in accordance with curve D if normalized:

(&) ASTM A 516 plate, all grades;
{b) ASTM A 671 pipe, grades CESS, CEGOD, and all grades made with A 516 plats:
() ASTM A B72 pipe, grades ESS, E60, and all grades made with A 516 plate.

(4) Awelding procedurs for the manufacture of pipe or components shall include impact
teating of welds and HAZ for any design minimum temperature below -20°C (-20°F),
except a3 provided in Table 32322, A-3(b).

(5) Impact testing in accordance with para. 323.3 is required for any deaign minimum
temperature below —48°C (-55°F), excapt as permitted by note (3) in Tabke 3232 2.

(&) For blind flanges and blanks, T shall be 1/4 of the flange thickness,

Wy y905) 45l ek (uyS 3V g8 3,8 (cled oy yieS 3590 ;5 ASME B 31.3 5,luskl 323.2.2A IS =32 S
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Groove Wealds — Plate

Qualifies for material up o
and including 374" thick

Welding positions

PLATED WERTIDAL
S CF HELD
HEmEsTAL

PLRTES HpduTa)

141 TEST BOBTGN 15
Flat
Reduced Section Tensila

Thase edges may be ;
larne- et % o _4 [ fhuzh with base matal

R W
U W PP B
4L L-‘-I L—I1,fq"[1|f4"4*
praferably by milling

Tersiie sivength shall not be less 1han
the mimimuom specilied tensile strangin
of the base magal wsed.
Imay break im ihe wakil

woe BUET 0L
w5 e = 1"
TE A
S0 ksl & wndar 1-102"
55 10 90 ksi Fas
ovar S0 ksl e

Make 387 1t plate for gach position

O TEST POSITHIN 26

Herizantal

Machirne webd reinforcemans

W12

Rediced gaction machined

Dealifies for material cwer
3" in thickness

doint details and welding pra-
eedures sp specified by the
pracedures being qualified, (5.7
For material guer 37597 thick & test weld shall be made
in atesial of the maxirmum thickness, but nesd not

;

ICF TEST FOSITHIN 33

PLATES WENTECAL,
RIS O LD

WATHEAL PLATES HEALXKFAL

=

101 TEST POSITAON 4
Verlical Cluartead

Face and Root Band
Thisse edges rmay be flame-cug and

iy OF My not be machined 7 |
i
- e -

Remowe weld reinfarcemient and
beekirg strig, iF any, flush with surface
- ]
ki

6 o~ | Laa-

1

TG max radiug
on carners
Side Bend
If flame-cut, mechine st {east ,
178" from edge il
':“%::"r
r 'r"'"r"-'-|_|_
T
O |

cut alang this sdge when t excesds 1-102", edge may be
farma-cut and may or may not be machined.

NOTE: For plates owar 1-1/2" thick, cutl specemens into & minimum
number of approcimately equal strips et exceeding 1-1/2" in width.
Bend specimen passes if crack ar other Dgwing does not exceed 1/8"
after bending throwgh an angle of 180Y, Cracks a1 comers are not
carsiderad, 5,132}

6oled S sl AWSD 11 ulul 1 PQR (slosge ] plosil ol -34 IS
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Name Property Qualitative Units, if Used mainly for
If applicable or applicable
Quantitative
Rockwell scale Hardness Quantitative | Scale C is used | Welding
for Steels Procedure tests
Vickers pyramid Hardness Quantitative | VPN Welding
Procedure tests
Brinell Hardness Quantitative | BHN Welding
Procedure tests
Shore Schlerescope | Hardness Quantitative | Measures Measuring
Resilience mm | Stock materials
Charpy V Toughmness Quantitative | Joules. Energy | Welding
absorbed Procedure tests
Izod Toughmness Quantitative | Ft.Iby Welding
Procedure tests
CTOD Notch Ductility | Quantitative | 0.0000 mm +a | Welding
Toughness detailed report | Procedure tests
Transverse Reduced | Tensile Strength | Quantitative | N/mm® or PSI | Welding
Tensile Ductility % Reduction Area | Procedure tests
All Weld Metal Tensile Strength | Quantitative | N/mm” or PSI | Welding
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Macro N/A Qualitative NIA Welder Approval
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Nick Break Test N/A Qualitative N/A Welder Approval
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Fracture line
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Lack of root penetration, or fusion Inclusions on the fracture line
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QwW-484A SUGGESTED FORMAT A FOR WELDER PERFORMANCE QUALIACATIONS (WPQ)
(See QW-301, Section IX, ASME Boiler and Pressure Vessel Codel

Waldar's rame |dentification no. — —

Test Desaription
|dentification of WFS followed = Test coupon O Production weld
Spsaification of base mekalis) Thickness

Testing Condifions and Qualifioation Limits
Walding Varizbles (3W-350) Azl Valuas Range Qualifisd

Wielding progsessiss)
Typs fiw: manusl, semi-auta) used . U
Backing (metal, wald metal, double-welded, eio.
O Pate O Pips (anter diamster if pips or tubs)

Bz miwtal P or S Mumbsr to P- o S-Hurber —

Filler meta or elecirode speoification(si ISFA] tinfo onlyl ——
Filler matal or electrode olassificationds) (info onky) o
Filler matal F-Mumbsrizi —_—

Consurnable irsart (STAW ar PAW) 'Z'/

Position qualified (26, &G, aF, sto.)
Vigriical progression (uphill or downhill)

Typs of fusl gas I0FW) -
Inert ges backing (GTAV, PAW, GMAVY
Transfer mede ispragiglobular or pulse to short eincut GMAW

N

Filler typs (salidmetal or flux consdipossder) (GTAW ar PAW)
Deposit thickness for emh process -
F ]
v

GTAW ourrenit typapolarity (&C, DCEP, DCEN)

*
XS’JLTS
Visual Examination of Complatsd Wald (0W.z024) 0 L

O Bend test; I Trarsverse root ard face (O 2all; itudinal root and face [QW-482.3(bil; O Side (OW4822)
= Fipe bend spesimen, oorrosion-resid ant W82 B, O Plate bend spesimen, oorrosionresistant cwerlay [QW-4e2.5(dil;
O Maoro L0
o
Type Fasutt St Type Resuti 1 Type Fesult

Eibll; = Maoro test for fusion [QW-462 5]

Altamative radicgraphic sxamination results (20 191)
Rllat wald — fracturs tust (OW.180) Lergth and parcent of defeats

Macre sxamiration (184 Fillat size fin) = Concavitpioonyvexty fin.)

Other tasks

Filrn o spesimers svalused by — Cormpany
Machanical tosts condustad by Laberatory test no.

Welding supsrvised by
W certify that the staternents in this reoord are oorrect and that the test coupons were preparsd, welded, and tested in secordance with the
requirements of Section [X of the ASME Code.

Organization

Dak By
“This form |ECOEA| may ba cbiained from the Crdar Depi., ASME, 22 Law Drive, Eox 2300, Fairlald, MJ 07007-2300,
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Limited thickness will qualify for gracve welds in material not aver 347 thickness andl Tillet welds on material of
unlimited thickness.

Backing bar is at least 378" x 1" If radiography is used

Horizontal Direction of
pasrilti:: mllingo “ then use at least a 3B x 3" backing bar,
aption ‘h—\*__.

445‘2{

These edges may be flame cut and may or may
not be machined —

-}
g 1 i fi J e
-L = —
T . Ramove weld reinforcement and backing strip

Flush with surfacs =

: S
[Py i L ] .
iy 144
" \V ! 6" min ] Lo S=1r16" maxradius
On carmars

Bend specimen passes if any crack or open defect does not exceed 16" after bending through an angle of
1807, Cracks at corners are not considered.
Aadingraphic inspection of test plate may be used instesd of guided bind test, {5.3.2)

Unlimited thickness will qualify for groove or filler welds in unlimited thickness

Dilris_-:uion of Haorizontal position
‘:‘T’E_'_"E* aption
aga
I A e
- Dln_rcunn of * min
rolling

Backing bar is at feast 378" « 1", | radiography
I vsed then use @ J/8" x 37 backing bar.

i t . ,
e ol machine Guided side bend test

lgast 1/B" from edges X
38
5 E
Remove weld reinforcement and backing 1;;2;:::; radius

strip flush with surface
I 4
e

Y

~

I 5" min, I —F Z side bend specimens

P o
Bend specimen pesses il any crack of other open defect

does not exceed 1/8" after bending through an anghe at 50 ki & under 112"

180°. Cracks @1 torners are not considered, 55 10 90 kel 7

Radiographic inspection of test plate may be used instead - "
of guided bend tast. {5.3.2) over B0 ks 2
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Fillet Welds will qualify for unlimited thickness of material.
Visual inspection — a reasonably uniform appearance; fres

i of overlap, cracks and excessive undercut; no surface
porosity,
5/16" fillet weld
Filler weld A{ P//("_”z Next the 6" section is broken with the root of the weld in
break specimen Discard tension. The bwoken section of the weld shall show com-
. plete penetration into the root of the joint and fusion intg
Cut line the plate. No inclusion or porosity larger than 3/32". Sum

of greatest dimension of all inclusions and porosity shal
not exceed 3/8" in the 6" fength. I plates are bent upon
thamselves without weld breaking, will pass.
Stop and restart
welding near

center Macroetch test — shall show fusion o the root but not

nacessarily beyond root and no eracks. Convexity and con-

Etch

Macroetch e e cavity shall not exceed 1/16". Legs are equal to within /8",
spacimen
The portion
. between fillel These edges may be flame cut and may or may
Fillet welds - Option 2 welds may be not be machined —
welded in any position, T 3
144" allowed for cuts l ‘ . | LI W
i i 6- 1/8" 1 " .
:::xl SR &z Remove weld reinforcements and backing strip 116" max radius
gie pass filler |/ . on corners
e - flush with surface.
weld = 3/8 0 t
| 1-3M6 [ [ |
3!3"J1\ - ARl | about 11* | Lage
= E | [ Y Flame cutting may be used for removal of most of the
Backing bar is 3/8" x 2 ;5/;65.,55,, 1 TG L:ac:;ir:‘gir?f%\:ldsicrl\;iime fast 1/8" thickness is remowed by
If radiographiy is used e Y

then use a 378" x 3” backing bar.

Bend specimen passes if any crack or other opening does
Radiographic inspection of test plate may be used instead not exceed 1/8" after bending through an angle of 1809,
of guided bend test. (5.3.2) Cracks at corners are not considered.
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ASME Boiler and Pressure Vessel Code, Section I X, Welding and Brazing Qualifications, 2007
AWS D1.1, Structural Welding Code-Steel, 2004

International Welding Engineer (IWE) Course Book, SLV Duisbug, 2004
The Procedure Handbook of Arc Welding, The Lincoln Electric Company, 13 th ed.,1994
Jefferson's Welding Encyclopedia, AWS Publications, 1997
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